Aims/hypothesis. The incidence of Type 1 diabetes has increased 2.5 times during the time period from 1966 to 2000 in Finland -a general trend seen in almost all developed countries that can only be explained by environmental factors. The aim of this study was to test the possible effect of a changing environment on distribution of genotypes associated with disease susceptibility. Methods. HLA DRB1-DQA1-DQB1 genes and two diabetes-associated polymorphisms at IDDM2 and IDDM12 were analyzed. The frequencies of genotypes were compared between cases diagnosed with childhood-onset Type 1 diabetes during the period of 1939-1965 (n=367) and those diagnosed between 1990 and 2001 (n=736). Chi-square statistics or the Fisher's Exact test were used for the comparison of frequencies of analyzed haplotypes and genotypes in the two groups.
Development of Type 1 diabetes is the result of interactions between genetic susceptibility and environmental factors. Genes in the Human Leukocyte Antigen region (HLA; 6p21) are the major genetic determinants of Type 1 diabetes (T1D) susceptibility and resistance. HLA molecules play a key role in the initiation and regulation of immune processes that are induced as a response to contacts with foreign agents such as microbes or alimentary proteins. HLA molecules have an enormous diversity that enables individuals to develop specific responses against a multitude of agents. The population distribution of HLA alleles and haplotypes is subjected to selection determined by the surrounding environment. This phenomenon is reflected in variations in the background frequency of the HLA B8-DR3-DQ2 haplotype that is inversely related to the time length of wheat cultivation. This haplotype, being the major genetic factor predisposing to celiac disease, seems to be less frequent in populations, which have lived on wheat for a longer period of time indicating a negative selection [1] . Population distribution of HLA polymorphisms is also strongly influenced by infectious diseases. For example, the HLA-B53 allele and the DRB1*1302-DQB1*0501 haplotype, that are protective against severe malaria are common in West-Africa [2] . Similarly, other severe infectious diseases also show HLA association like typhoid fever where HLA DRB1*04 and DQB1*0401/02 alleles are associated with protection and DRB1*0301 and DQB1*02 alleles are associated with susceptibility to disease [3] . Distribution pattern of certain HLA haplotypes is influenced by the most prevalent infectious agents occurring in that population, and certain polymorphisms are maintained through balancing selections due to various diseases. Moreover, some evidence now exists to support an advantage conferred by HLA heterozygosity, which has been associated with protection against several viral diseases including resistance to hepatitis B carriage [4] .
The incidence of T1D has continuously increased world-wide in the last decades, which can only be explained by environmental factors. The incidence rate has repeatedly been observed to be record high in Finland, amounting to 20 cases per year per 100 000 children in 1966, whereas it reached a figure close to 50 by the end of the 90's [5, 6] . During that period of time, substantial changes have occurred in eating habits, food constituents, vaccinations, general health care and personal hygiene that might have contributed to a rapidly increasing environmental pressure on individuals genetically susceptible to T1D. It is possible that the increased environmental pressure is reflected in the distribution of HLA genotypes among patients diagnosed during different time periods. There are very limited data on temporal changes in HLA genotype frequencies in patients with T1D [7, 8] . To further explore this issue we analyzed and compared frequencies of genotypes at HLA DR-DQ and two disease associated polymorphisms at IDDM2 and IDDM12 in patients who developed childhood onset T1D during different time periods. During the second half of the 20 th century the average annual immigration rate to Finland was 9751 while the mean total population of Finland was about 4,700,000 in this period. Therefore, Finland has a very low (less than 2%) percentage of foreigners (data from Institute of Migration, Turku, Finland). The probability of annual internal migration between provinces within Finland was constantly at a low level (14.4-21.0‰) between the 1960's and 90's. These data confirm that neither population admixture from other ethnic groups nor internal migration could be a confounding factor that affects gene frequencies in the two groups. The geographical distribution of patients in PS1 and PS2 were as follows: Oulu region (Northern Finland) 99 (27.0%) and 223 (30.3%), Helsinki region (Southern Finland) 128 (34.8%) and 272 (37.0%), Turku region (South-Western Finland) 140 (38.1%) and 241 (32.7%). All patients in both groups were diagnosed with T1D below the age of 15 years and had classic symptoms of T1D such as hyperglycaemia, ketosis and dehydration.
Subjects and methods

Subjects
The mean age of patients in PS1 and PS2 were 8.2±2.1 and 8.5±4.0 years, respectively. For some comparisons, both PS1 and PS2 were split into three groups according to age at diagnosis: 0 to 4.99 yrs (Group 1-G1), 5.0 to 9.99 yrs (Group 2-G2) and 10.0 to 14.99 yrs (Group 3-G3). An informed consent was obtained from all study subjects. The investigations have been carried out in accordance with the principles of the Declaration of Helsinki.
Genotyping. A low-resolution full house typing for the common Caucasian HLA DR-DQ haplotypes was carried out using a lanthanide labelled oligonucleotide hybridization method. Initial typing of DQB1 alleles was completed by DQA1 typing and DR4 subtyping in selected genotypes where informative [9, 10] . The MspI −2221 C/T polymorphism at the insulin gene region (IDDM2, 11p15.5) and the +49 A/G polymorphism at the CTLA4 gene (IDDM12, 2q33) were genotyped in all patients in PS1 and in 706 patients in PS2 using the same methodological approach.
Statistical analysis. Chi-square statistics or the Fisher's Exact test were used for the comparison of frequencies of analyzed haplotypes and genotypes. A p value of 0.05 or less was considered to be statistically significant. The size of patient series enabled us an 80% power to detect a 7.5% difference at an 0.05 significance level.
Results
The population frequencies of various HLA DRB1-DQA1-DQB1 haplotypes in the two time series are shown in Table 1 . More patients carried the (DR3)-DQA1*05-DQB1*02 and (DR4)-DQB1*0302 risk haplotypes in PS1 than in PS2 (p=0.015 and p=0.04, respectively). Among the DRB1*04 subtypes associated with DQB1*0302, DRB1*0401 was less prevalent in PS2, but DRB1*0403 was increased in PS2 as compared to PS1, although these differences were not significant. Combined haplotype frequency of the four risk haplotypes -(DR3)-DQA1*05-DQB1*02, DRB1 *0401/02/04-DQB1*0302 -was higher in PS1 than in PS2 (68.5 vs. 62.3%, p=4.6×10 −3 ). Protective haplotypes -(DR15)-DQB1*0602 and (DR1301)-DQB1 *0603 -were less prevalent in PS1 than in PS2 (p=3.2×10 −3 and p=0.025, respectively). However, the protective (DR7)-DQA1*02-DQB1*0303 haplotype was decreased in PS2 as compared to PS1 (p=0.04). Combined frequencies of protective haplotypes(DR5)-DQA1*05-DQB1*0301, DRB1*0403-DQB1*0302, (DR7)-DQA1*02-DQB1*0303, (DR14)-DQB1*0503, (DR15)-DQB1*0602 and (DR1301)-DQB1*0603 -showed a highly significant difference between PS1 and PS2 (5.2 vs. 9.7%, p=3.5×10 −4 ). Similarly, differences in risk and protective haplotype frequencies observed between PS1 and PS2 were seen also when corresponding age at onset groups were compared, in addition to several age-dependent trends. Risk haplotypes -(DR3)-DQA1*05-DQB1*02 and DRB1*0401-DQB1*0302 -tended to be most prevalent in the youngest (G1) age group as compared to G3 in both patient series (data not shown). The combined frequency of protective haplotypes -(DR5)-DQA1*05-DQB1*0301, DRB1*0403-DQB1*0302, The high risk (DR3)-DQA1*05-DQB1*02/ DRB1 *0401-DQB1*0302 genotype was more common in PS1 than in PS2 (p=7.3×10 −3 ) (Fig. 1) . The difference in the frequency of the (DR3)-DQA1*05-DQB1*02/ DRB1*0401-DQB1*0302 high risk genotype was even higher between cases who were diagnosed before 1960 (a subset of PS1) and patients diagnosed after 1990 (PS2) (28.8 vs. 18.2%; p=3.6×10 −3 ). This high risk genotype was more prevalent in the younger age groups in both patient series, although the difference remained non-significant ( Table 2 ). Frequencies of moderate and low risk HLA genotypes did not differ between the two time series; however, protective genotypes were less prevalent in PS1 than in PS2 (p=4.3×10 -4 ) (Fig. 1) . This difference was detected also between the corresponding age at onset groups (PS1 G1 vs. PS2 G1 p=0.04; PS1 G3 vs. PS2 G3 p=3×10 −3 ) ( Table 2. ). Protective genotypes were less prevalent in the youngest group in both time series (PS1: G1 vs. G2, p=0.03 ; G1 vs. G3, p=0.03 and PS2 G1 vs. G3 p=1×10 −4 and G1 vs. G2, p=0.03) ( Table 2 ). The distribution of alleles and genotypes at MspI − 2221 C/T polymorphism at the insulin gene region (11p15.5) did not show a difference between the two patient series; TT/CT/CC genotype frequencies in the two groups were as follows; PS1: 0.8%, 16.9%, 82.3% vs. PS2: 0.7%, 15.7%, 83.6%, respectively. Similarly, no difference was seen between the two patient groups when allele and genotype frequencies at the +49 A/G polymorphism at the CTLA4 gene (2q33) were compared (AA/AG/GG genotype frequencies: PS1 19.1%, 52.0%, 28.9% vs. PS2 17.4%, 56.0, 26.6%, respectively).
Discussion
In this study, we documented that the distribution of HLA genotypes shows marked differences between patients with childhood onset T1D diagnosed about 50 years apart.
A critical point in this study was the possibility of a selection bias in collection of patients who were diagnosed with childhood onset T1D about 50 years ago (Patient Series 1). During World War 2 diabetes mortality was high all over Europe, however only 0.8% of our cases were diagnosed before 1946 and most of the cases in this patient group (94%) were diagnosed after 1954 which in fact excludes any major socio-economic confounders related to that period.
In addition, a considerable proportion of diabetes cases diagnosed before 1965 have died due to end stage renal disease or macrovascular complications. However, there is no evidence, that HLA genotype affects mortality from late diabetic complications, therefore we believe that our study was not confounded by population selection bias [11, 12] .
We found that the proportion of patients with highrisk genotypes has decreased from 25.3 to 18.2% while the fraction of children carrying protective genotypes has increased to the same extent between the two observation periods. The DQB1*0602, *0503, and *0603 alleles were more protective in earlier years in the 20 th century, whereas a higher proportion of individuals carrying these alleles developed diabetes during the more recent time period. There was no accumulation of any individual (specific) genotype, which could explain the increase observed in disease incidence. On the contrary, the data are suggesting a more general role for environmental factors. They also imply that dynamic changes have occurred in the natural history of T1D in a relatively short period of time. On this topic there are only a few data published. It has been found that the DR3 haplotype was more prevalent in patients diagnosed in the 1960's than in patients diagnosed in the 1980's, while no differences were observed in relation to the DR4 haplotype [8] . In another study, fluctuations were seen in the frequen- cies of the DR3 haplotype and the DR3/4 combination without any clear trend [7] . We observed that the HLA haplotypes and genotypes associated with increased diabetes risk were more prevalent while protective haplotypes and genotypes were more rare in the youngest age group that indicates a stronger HLA effect in very young children. These phenomena were equally pronounced in patients diagnosed before 1965 and in those diagnosed after 1990, which confirms a conserved age-dependent role for HLA DQ molecules in a changing environment. Similar age-dependent heterogeneity in frequencies of diabetes associated HLA haplotypes was reported earlier by our group and others [13, 14] .
The increase in incidence of T1D diabetes is a general trend seen in almost all developed countries. In this respect, it is interesting to note that when comparing the frequencies of the HLA DR3-DQ2/DR4-DQ8 genotype in patients with T1D in Europe, we observed that this high risk genotype was more prevalent in patients from countries with a low disease incidence suggesting that these populations are at an earlier stage of the natural evolution of diabetes history [15, 16] . The declining protective efficiency of DQB1*0603 is reflected in fact in the behaviour of the DQB1*0302/DQB1*0603 genotype which was increased among patients diagnosed during the later time period and we observed this particular genotype to be associated with T1D in Finland, whereas in several other populations with lower diabetes incidence no such disease association has been detected [17] .
The findings of this study indicate that the relative probability to develop disease in subjects with low or medium risk HLA genotypes has considerably increased during the last 30 years. Temporal changes observed in the distribution of HLA genotypes in children with Type 1 diabetes indicate that importance of disease risk HLA genotypes, as being the major genetic disease determinant, in controlling initiation and/or progression of immune mediated beta-cell destruction has been gradually decreasing during the last decades. It is clear that several viruses -like rubella and mumps -that caused diabetes in a fraction of patients have practically been eradicated from Europe. Interestingly, frequency of infections caused by enteroviruses has also been rapidly decreasing in the Finnish population since the early 1980's [18] . Since the role of HLA in determining mechanisms by which viruses induce beta-cell damage has not been defined yet, the relation between temporal patterns of viral infections and our observations remains an enigma [19] .
New food constituents and changes in our eating habits have affected the microbial colonization of the gut and have probably influenced development and maturation of mucosal immune system which seems to be important in the development of Type 1 diabetes [20] . Similarly, the role of HLA in controlling self tolerance in the gut associated lymphoid tissue remains to be clarified.
We tested the possibility of a time-dependent pattern in the genotype distribution of two non-HLA disease susceptibility loci, as well. IDDM2 locus that corresponds to the insulin gene region (11p15) and IDDM12-CTLA4 gene region are confirmed T1D susceptibility loci [21, 22, 23, 24, 25] . We studied MspI − 2221 C/T polymorphism at IDDM2 and CTLA4 gene +49 A/G polymorphism that showed a disease association in the Finnish population (AP. Laine, unpublished observations). However, no significant temporal variation was found in the frequencies of genotypes at these disease polymorphisms. This might indicate that they do not interact with factors in the surrounding environment or disease associated polymorphisms at these loci are not under selection pressure; however, these results are not conclusive because of the weak contribution of these genes to disease susceptibility.
In conclusion, we have shown that considerable temporal changes have occurred in the distribution of T1D associated HLA genotypes over the last 50 years. This observation implies an increasing environmental pressure resulting in higher penetrance of disease especially in individuals with protective HLA genotypes.
